Background
Methodology/principal findings
Interviews were conducted for all deaths that occurred from January 2012 to March 2014 in 109,689 households (87.1% participation) covering 627,658 population in 1,017 clusters representative of the state using the Population Health Metrics Research Consortium shortened verbal autopsy questionnaire. Cause of death was assigned using the SmartVA automated algorithm. The annualized mortality rate per 100,000 population due to snakebite, scorpion sting and other animals adjusted for age, sex and urban-rural population distribution of the state; and detailed contextual information on snakebites are reported. Deaths due to bite/sting of a venomous animal accounted for 10.7% of all deaths due to unintentional injuries, with an adjusted mortality rate of 6.2 (95% CI 6.0-6.3) per 100,000 population. The adjusted snakebite mortality rate was 4.4 (95% CI 4.3-4.6) which was significantly higher in the rural areas (4.8, 95% CI 4.7-5.0) and in females (5.5, 95% CI 5.3-5.7). Snakebites accounted for 7.6% of all unintentional injury deaths across all ages but for 33.3% of the deaths in 10-14 years age group. A similar proportion of snakebite deaths occurred while sleeping (30.2%), playing (30.2%) and during field/outdoor activities (27.9%). In these cases, 8 .2% people were already dead when found, 34.7% had died before treatment could be provided, and 28 (57.1%) had died post treatment among whom 46.4% had sought treatment at a health facility, 25% with a traditional healer, and the rest from both. Death before reaching a health provider, non-availability of medicines or doctor, referral patterns, and sex-differentials in the context of snakebite a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Materials and methods
The parent study on causes of death was approved by the Institutional Ethics Committee of the Public Health Foundation of India. All participants provided written informed consent; for those who could not read or write the participant information sheet and consent form were explained by the trained interviewer and a thumb impression obtained.
The sampling method is described in detail elsewhere, [18, 19, 21] and the methods relevant to this report are detailed here. The state of Bihar is divided into 38 districts each of which is divided into 5-27 blocks giving a total of 342 blocks in the state. Within these 342 blocks, the secondary samplings units (SSUs) were villages in rural areas and urban frame survey blocks in urban areas as defined by the National Sample Survey Organization. [22, 23] The SSUs with <50 households were combined with an adjacent SSU, and the large rural SSUs were split into equal sized segments of 100 households using natural boundaries. A total of 1,017 SSUs were sampled in proportion to the number of SSUs in each block, using simple random sampling without replacement. Therefore, this multi-stage stratified random sampling approach to obtain a representative sample of 772 rural and 245 urban clusters provided a total of 1,017 clusters of about 75-150 households across all the 38 districts of the state of Bihar.
This study was conducted from July 2014 to July 2015. In each sampled SSU, all the households (a household was defined as people eating from the same kitchen) were enumerated. During the enumeration, trained interviewers documented the age and sex of all the usual residents in each household of the sampled clusters. Details of members who had in/out-migrated, births, deaths between January 2012 and March 2014 were collected in order to ensure that the denominator included only the usual residents. After documenting the sociodemographic characteristics of the participant, verbal autopsy interviews were conducted for all deaths using the Population Health Metrics Research Consortium (PHMRC) shortened verbal autopsy questionnaires. [24, 25] The respondent for the interview was that household member !18 years of age who was most aware of the context of death. A direct question was asked to document if the deceased had suffered an injury/accident that led to the death. Deaths due to bite or sting of a venomous animal were documented under unintentional injury deaths. The animal responsible for bite or sting that resulted in death was documented followed by questions on whether treatment was sought for this bite/sting and if a death certificate for this death was obtained. Following these questions, the respondent was asked to describe the context around the time of bite/sting and death in his/her own words with no prompts from the interviewer as an open verbatim. The PHMRC questionnaire was translated into Hindi (local language), after which it was back-translated into English to ensure the accurate and relevant meaning and intent of the questions. Pilot testing of the questionnaire was carried out and modifications made as necessary. Interview was conducted using the MS-Access and Open Development Kit software in hand-held tablets.
The cause of death was assigned using the validated SmartVA automated algorithm. [26] [27] [28] The SmartVA was run on all deaths identified in this population and those due to bite or sting of a venomous animal identified using this run were used in this analysis. We report the annualized incidence estimate of mortality due to venomous animal bite/sting for the state of Bihar using two years data from January 2012 to December 2013 for which population denominator was available. The mortality estimates were adjusted for age, sex and urban-rural distribution of population of Bihar as relevant, and are reported for 100,000 population per year. 95% confidence interval (CI) are reported for all estimates, which was calculated using the formula p ± 1.96 X square root of [p(p-1)/n]; where p is the estimated age-sex rural/urban adjusted rate, n is the number of persons and 1.96 is the approximate value of the 97.5 percentile point of the normal distribution. [29] We also present the distribution of mortality due to venomous animal bite/sting in this population within the unintentional injury mortality, which included road traffic injuries, falls, drowning, fire, and poisoning.
We utilised all cases of venomous animal bites/stings documented from 1 January 2012 to 31 March 2014 for descriptive data analysis. We report on the seasonal trends of venomous animal bite/sting deaths based on the reported date of injury, and the seasons were categorised for Bihar state as per the Indian meteorological department. [30] With snakebites accounting for the largest mortality among these deaths in this population, we present detailed descriptive data for these deaths using the open verbatim with the aim to report the context of snakebite and the patterns that could facilitate understanding of missed opportunities that could guide reduction of mortality due to snakebites. Three team members (AK, SG and MA) reviewed the open verbatim and noted the variety of information available from these reviews including the whether the snake was seen by deceased or someone else, activity the deceased was engaged in at the time of snakebite, what was done immediately after the snakebite, type of treatment received and referral, if any. All cases were reviewed with RD, and modifications made as needed based on re-review of verbatim. We also present case reports across the major themes identified in snakebites to highlight action areas that need attention. Chi-square test is reported where relevant to assess significant associations. Other than SmartVA, the rest of the analysis were performed using STATA 13.0 software (Stata Corp, USA).
Results
A total of 69 deaths due to bite or sting of a venomous animal were identified from January 2012 to March 2014 (67 deaths in 2012-13) from 109,689 households (87.1% participated, 12.1% door locked, 0.6% migration, and 0.2% other reasons for non-participation) covering 627,658 population of all ages. Verbal autopsy interviews were available for all 69 deaths.
Mortality due to venomous animal bite
The overall adjusted annualised mortality rate due to bite/sting of a venomous animal for all ages was 6.2 (95% CI 6.0-6.3) per 100,000 population, with it being higher in the rural areas than in urban areas ( Table 1 ). The adjusted mortality rate was significantly higher for females (6.9%, 95% CI 6.7-7.2) than for males (5.5%, 95% CI 5.3-5.7) as shown in Table 1 . Considering by age, mortality rate was significantly higher in females until 19 years of age than males, but then males had a higher mortality rate in 40-49 years and 60+ years age group (Table 1) . Deaths due to bite/sting of a venomous animal accounted for 10.7% of all deaths due to unintentional injuries in this population (Fig 1) . It accounted for a significant proportion of unintentional injury deaths in the age groups of 10-14 years (38.9%), 0-4 years (23.5%) and 5-9 years (21.2%). The mean (median) age for mortality due to bite of a venomous animal was 26.7 (20), 15.7 (11), and 20.8 (12) years for males, females, and both sexes combined, respectively. Data on type of animal was available for 65 (94.2%) deaths. Bite by snakes accounted for the 
Snakebites
The overall adjusted annualised snakebite mortality rate was 4.4 (95% CI 4.3-4.6) which was significantly higher in the rural areas (4.8, 95% CI 4.7-5.0) and in females (5.5, 95% CI 5.3-5.7) as shown in Table 2 . Though snakebites accounted for 7.6% of all unintentional injury https://doi.org/10.1371/journal.pone.0198900.g001 deaths across all ages, however, these accounted for 33.3% of the deaths in 10-14 years age group (Fig 1) with the highest adjusted mortality rate (9.5, 95% CI 9.0-10.1) as shown in Table 2 . Age group !60 years had the next highest snakebite mortality rate. Considering seasonality of these deaths, snakebite deaths accounted for the most deaths in all seasons except in winter (14.3%, Fig 2) . Distribution of select characteristics for snakebite deaths based on verbal autopsy interviews by sex are summarised in Table 3 . Nearly a similar proportion of snakebite deaths occurred while sleeping (30.2%), playing (30.2%) and during field/outdoor activities (27.9%); females had a higher proportion of snakebites but not statistically significant while sleeping than males (p = 0.925). In 41 (83.7%) of the 49 cases, the snake was seen. In the 8 cases where snake was not seen, doctor informed of the snakebite post medical check-up in 3 cases, fang marks were reported in 1 case, animal bite was mentioned by the deceased to VA respondent in 3 cases, and froth around the mouth and change of skin colour of the deceased to blue or pale was used by the villagers to attribute death to snakebite in 1 case. In these 8 cases, frothing around the mouth was reported in 7 cases and change of skin colour of the deceased in 5 cases. Four (8.2%) people, all females, were already dead when found (Table 3) , and the verbatim suggested that snakebite was identified as cause of death based on the froth and/or change in skin colour (Box 1). Seventeen (34.7%) people had died before they could be given any kind of treatment ( Table 3 ). The verbatim of all 17 cases clearly documented that either the deceased died while being taken for treatment or while waiting for the treatment provider to reach the deceased. The case reports in Box 2 also highlight the death occurring between the referral from one provider to another. Overall, 18 (64.3%) of females had died without treatment as compared with 3 (14.3%) of males (p<0.001).
Twenty eight (57.1%) people had died post treatment, of which 46.4% had sought treatment at a health facility, 25% with a traditional healer, and the rest from both (Table 3) . Though not statistically significant, females were more likely to be seen only by a traditional healer (40%) as compared with males (16.7%, p = 0.172). Six (21.4%) of the 28 cases were referred from one provider to the other. The case reports documented in Box 3 highlight context around the deaths post treatment, including referral and delay in treatment due to non-availability of medicines or doctor. None of the 49 verbatim specifically mention anti-venom being used for treatment; oxygen support for ventilation was mentioned in 2 cases. 
Scorpion sting and other animal bites
The overall adjusted annualised scorpion sting and other animal bite mortality rate was 0.9 (95% CI 0.8-0.9) and 0.9 (95% CI 0.9-1.0), respectively ( Table 2 ). The mortality rate with scorpion sting was higher in 0-9 years age group whereas that with the other animal bite was higher in the !50 years age group. Half of the scorpion stings occurred while playing, 33.3% while sleeping and the rest while doing other activities. Seven (63.6%) of scorpion sting cases were taken to a health facility and 36.4% cases were taken to a traditional healer immediately post the sting.
Discussion
The findings from this large representative sample highlights the significant burden of mortality due to snakebites in rural areas, females, and younger ages in the Indian state of Bihar. To our knowledge, these are the first descriptive contextual data from India at population-level that can provide a starting point for possible action and for further in-depth investigations of snakebite mortality.
There was a call to prioritise the snakebite control programme in India following the documentation of the burden of snakebite mortality nationally over 15 years ago. [7] The snakebite mortality rate in our study is similar to that reported for Bihar state over a decade ago, [7] thus suggesting that not much has changed over this period. This unfortunately is true globally as well. Undermining snakebite's public health importance due to its removal from the neglected tropical disease list by the WHO in year 2013 coupled with anti-venom shortage made it difficult to be dealt with. [5, 6 ] With snakebite's reinstatement in the neglected tropical disease list in 2017 and initiation of development of comprehensive snakebite control strategy, [31] there is likely to be an impetus to snakebite prevention and treatment access initiatives. [5] Every year, an estimated 2.8 million people are bitten by snakes in India which makes it imperative for India to prioritise the snakebite control programme on an urgent basis. [3] Calls for including snakebite deaths into the notifiable deaths category in India have gained momentum recently to bring an urgency in managing this public health concern. [32] Globally, snakebites affect people in rural areas disproportionately. [3, 4, 31, 33] In this study also, snakebite mortality was nearly 3.5 times higher in the rural than in urban areas of the state. Several reasons for a higher rural mortality have been reported such as poorly constructed housing, agricultural work, treatment seeking from traditional healers, and limited access to antivenom. [6] Availability and accessibility of antivenoms is known to be limited in sub-Saharan Africa and Asia, [17, 34, 35] which results in a vicious cycle of poor supply resulting in higher prices which are a deterrent for medical treatment for rural populations, and a lower confidence in the public health sector's ability to provide effective and safe antivenoms. [6, 36] While considering the treatment seeking behaviour in our study population among those who had died post treatment, only 25% of the deceased were taken to a traditional healer, 46% visited health facility, and 28.6% had sought services both from a health facility and a traditional healer. This distribution possibly reflects less dependence on traditional healers in the studied population. The cases where dual use was documented highlight the non-availability of treatment or non-response to the treatment for considering treatment services from both health facility and a traditional healer. In a recent assessment of treatment seeking behaviour post non-fatal snakebite in Sri Lanka, [37] geographic variation in type of heath care provider sought was noted with allopathic treatment mainly determined by the presence of probable Box 1. Case reports highlighting the fatal snakebite cases which were found dead by others based on verbal autopsy interviews in the Indian state of Bihar.
Case report 1: 14 years/girl, Respondent: Brother
Brother of the deceased told that his sister had slept at night after dinner. After sometime, someone went to check on her but she was found dead. Her whole body had turned pale and froth was coming from her mouth. Because of the froth, they came to know that a snake had bitten her.
Case report 2: 18 years/girl, Respondent: Mother-in law
Respondent told that her daughter-in law was healthy before death. At night, she had prepared and fed food to the family and then slept. When she didn't wake up in the morning, mother-in law went to wake her up. She saw her mouth was covered with froth and her body was cold to touch and turned pale in colour. The daughter-in-law had already died. Men from the village saw the body and told that snake must have bitten her daughter-in-law.
envenoming. Variations in treatment seeking behaviour are seen with traditional healers preferred in Kenya and South Africa, [38, 39] whereas allopathic treatment preferred in Costa Rica. [40] Such data on treatment seeking behaviour for snakebite at population level are not readily available for India. Furthermore, a little over one-third of the snakebite cases in our study population died before they could be provided with any form of treatment, which is similar to that reported from remote areas of Asia and Africa. [33, 41] Two reasons for delay in access to treatment were noted in the open verbatim in our study. First was the delay in knowledge about a snake having bitten the victim to the family members which resulted in delay in accessing treatment. Second was the delay because of refusal/inability of the first point of contact for treatment to provide appropriate treatment. Unfortunately, not even one verbatim categorically mentioned the use of anti-venom in treatment for any deceased. All these findings point to the urgent need of generating data that can facilitate understanding of how people decide where to seek treatment post snakebite and the treatment provided per se in order to better understand how to address access to the appropriate treatment in India. [42] Inclusion of snakebite deaths into the notifiable deaths category will allow for an immediate understanding of treatment related issues that need attention for snakebites. [32] Though there was no significant difference in snakebite mortality by sex nationally in the study over 15 years ago, however, female deaths had exceeded male deaths in 4 states including in Bihar. [7] In our study also, female mortality due to snakebites was 62% higher than that in Box 2. Case reports highlighting the context of fatal snakebites when the deceased died before treatment could be given based on verbal autopsy interviews in the Indian state of Bihar.
Case report 1: 7 months/girl, Respondent: Mother
Respondent told that her baby was playing in the courtyard around 5 o'clock in the evening when a poisonous snake bit her. Baby was immediately taken to community health centre in Gedawadi but the doctor there told that the baby cannot be treated there. Then, she was taken to Purnia Sadar Hospital, she but died on route to the hospital.
Case report 2: 4 years/girl, Respondent: Father
Girl went to a nearby garden to play and wandered into the forest to hide during the play. When she was sitting in the forest, she was bitten by a snake. She went back to other children crying and told them that she was bitten by a snake but they did not believe her and said that she had gotten the cut from wood. The girl went to her mother who suggested to call jhaadphook (traditional healer). Her father went to call jhaadphook but in the meantime the girl had died.
Case report 3: 12 years/girl, Respondent: Father
According to the father of the deceased, the child was grazing an animal in the field. She fell unconscious after a while because of bite of a poisonous animal. Froth was coming from her mouth. They took her home and tried to wake her up after which she vomited twice. Then, a jhaadphook (traditional healer) from nearby were called for help but he suggested to take her outside of the village for treatment. Froth was still coming from her mouth, and she died on-route while we were taking her for treatment.
males. The burden of snakebite mortality was the highest for females in the younger ages, and for males in the older ages. Females in our study were significantly more likely to have died without treatment (both found dead and died before treatment could be given) than males. A higher proportion of snakebites in females while sleeping possibly indicates that they are more likely to sleep on the floor as compared with males who possibly sleep on a bed in rural areas, thereby, increasing exposure to snakebite for females. A common snake in India, the common Krait, bites indoors during night mostly while the victim is asleep who does not wake up at the Respondent told that on the day of death the deceased was sweeping their courtyard. She stepped on a poisonous snake which bit her. She told the family members that a snake had bitten her and she was immediately taken to a jhaadphook (traditional healer) in the village. The healer gave treatment but told that it was difficult for her to survive and within 30 minutes she died.
Case report 2: 45 years/male, Respondent: Wife
Respondent narrated the incident that the deceased was cutting leaves of a tree. To cut another branch of that tree, he rested one leg on the wall and the other leg on a brick which was lying below. While stepping down on that brick, a snake bit him. Immediately after the bite his foot was tightly tied and blood was expelled out from the area where snake had bitten. He was taken to Sandhya clinic on a motorcycle where he was admitted. The doctor told that his condition was critical and gave some medicine and saline drip. But there was no improvement in his condition and he died.
Case report 3: 25 years/male, Respondent: Sister-in law
According to the respondent the deceased was having a conversation with some people when a snake bit him. He was immediately taken to a jhaadphook (traditional healer) but his condition didn't improve. He was then taken to a hospital opposite the jhaadphook's place. Because medicines were not available in that hospital, he was taken to another hospital but there doctor was not available. So, he was being taken to Gaya for treatment, on-route froth started coming from his mouth and his entire body started to turn light black in colour. The area of bite was full of blood and he then died.
Case report 4: 65 years/male, Respondent: Wife
According to wife of the deceased, her husband was tying a bundle of wheat when suddenly a snake bit him. Three people were working with him at that time. They took him to a hospital and drip was given but he was not recovering. His condition was getting worse, so the doctor in this hospital took him to another doctor. But the doctor in that hospital said that he cannot look into this case and he asked him to take the deceased to another hospital. Soon after, froth started coming from his mouth and the finger where the snake had bitten him turned black. He then died. time of bite because the bite is painless. [43, 44] Sleeping on a bed off the floor in addition to awareness with effective health education and clearing of vegetation have been reported effective in preventing Krait bites. [45] Interestingly, sleeping under a mosquito net, rather than off the floor on a bed, has previously been reported to be protective of snakebite in Nepal. [46] These are simple preventive measures which could be considered in the Indian setting as well to prevent snakebites. Furthermore, with India's obsession with boy child it is also likely that a girl child is left to play relatively more unsupervised than a boy child, thereby, increasing exposure to mishaps including snakebite. Our contextual data provides pointers to a sex-differential pattern in the snakebite mortality which needs to be understood further within the socio-cultural context of Indian females to prevent and to treat snakebites in females. [47, 48] For many decades, the "Big 4" snake species have been responsible for Indian snakebite mortality-the common cobra, the common krait, the Russell's viper, and the saw-scaled viper, and there is now the emergence of the hump-nosed pit viper. [49] A recent review highlighted the north-south divide in the snakebite profile in India with neurotoxic envenomations significantly higher in North India compared to South India where hematotoxic envenomations are prevalent. [43] Early morning neuroparalysis caused by common Krait was reported to be a common problem in North India leading to high mortality after snakebite in this review. [43] Documentation of type of snake was beyond the scope of our study, however, the suggestion of less duration between the snakebite and death possibly points to bites by significantly poisonous snakes. Furthermore, with medically important snake species other than the Big 4 being frequently reported from various parts of India, [43] and reports of snakebites being unresponsive to the available polyvalent anti-snake venom which is produced from snakes found in south India, [43, 50] it is imperative that regional variability and snake species other than the Big 4 are also taken into account in the National Snakebite Management Protocol by the government of India and by the WHO South East Asia regional office to prevent this unnecessary mortality. [51, 52] We found a lower mortality due to bite/sting of other venomous animals as compared with snakes in this population, and most of it was accounted for by scorpion sting. Scorpion envenomation is an important public health hazard in tropical and sub-tropical regions, including India. [53] Annual global number of scorpion stings exceeds 1.2 million, with a higher mortality in children than in adults though adults get more bites. [54] A higher mortality in rural areas following scorpion stings is documented due to lack of access to medical facilities or lack of advances in the treatment of scorpion sting. [53] In the national mortality survey over 15 years ago, the rabies mortality rate was estimated at 1.1 deaths per 100,000 population and Bihar state was among the states with higher mortality rate. [55] Deaths documented over a two-year period from a large representative well-defined population sample of Bihar, and details of antecedent events and risk factors are the major strengths of this study. Some limitations of these data need to be kept in mind. As this study was designed to capture all causes of death and not specifically the context or risk factors for snakebites per se, we have used the information available from the open verbatim to present antecedent events and risk factors. Some of this information maybe subjective to recall bias. However, we believe that the information provided is a useful for action and for further in-depth investigations. Attribution of deaths to snakebite in 3 cases based on history of animal bite coupled with frothing around the mouth and skin colour change of the deceased could also be considered as a limitation. However, given that these signs are quite distinctive for a snakebite, [7, 43, 44, 56] and with a history of animal bite, we believe this attribution to be reasonable. Only in 1 case, this attribution was based on only signs. Also, a reasonably high sensitivity and specificity of verbal autopsy for the snakebite deaths has been documented previously. [7] On the other hand, it is likely that we may have underestimated snakebites in which snake was not seen, particularly when the bite occurred while sleeping at night. The bites by the common Krait, a common snake in India, which mostly bites at night while the victim is asleep, [43, 44] could be missed until the victim reaches a competent doctor who has knowledge of the early morning neuroparalysis caused by common Krait bite. [9, 49] In conclusion, these data facilitate increasing the visibility of snakebite mortality by addressing many of the gaps in magnitude and risk factors for it in India. These findings also contribute to knowledge around the way forward in the global strategy to combat snake envenoming. [4] Immediate preventive measures such as use of beds and mosquito net can be undertaken immediately by the government to reduce the incidence of snakebite while sleeping. Population level documentation of the incidence of snakebite is needed to fully comprehend the burden of snakebites and treatment seeking behaviour, [37, 57] in addition to mortality to formulate evidence based strategies to address the disproportionate burden of snake envenoming in rural areas and in females in the Indian state of Bihar.
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